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Indian Standard 

CODE OF PRACTICE FOR 

LINING OF VESSELS AND EQUIPMENT FOR 

CHEMICAL PROCESSES 

PART V EPOXIDE RESIN LINING 

0, FOREWORD 

0.1 This Indian Standard ( Part V ) was adopted by the Indian Standards 
Institution on 23 December 1970, after the draft finalized by the Chemical 
Engineering Sectional Committee had been approved by the Mechanical 
Engineering Division Council. 

0.2 This standard is being issued in many parts; the epoxide resin linings 
of vessels and equipment is covered in this part, the other types of linings 
are covered in the remaining parts of this standard. 

0.3 The use of linings of polymeric materials as a protection against 
corrosion has been the normal industrial practice for nearly half a century. 
A bond is developed between the applied lining and the metal and any 
attempt" to pull them apart will normally result in the lining tearing before 
the bond yields. Thus the lined vessel is suitable for use both for pressure 
conditions as well as vacuum conditions. While it is normal to use lined 
metallic vessels, non-metallic surfaces like wood and concrete are also 
often lined. 

0.4 To enable the lining contractor to decide on a suitable lining, it is 
necessary that he has full information of the duties to which the lined 
vessels will be subjected. The information to be exchanged between the 
contractor and the user is given in Appendix A for guidance. 

0.5 In the preparation of this standard, assistance has been derived from 
BS CP 3003 : Part 5 : 1966 ' Lining of vessels and equipment for chemical 
processes, Part 5 Epoxide resins', issued by the British Standards 
Institution. 

0.6 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expres- 
sing the result of a test, shall be rounded off in accordance with IS: 2-1960*. 
The number of significant places retained in the rounded off* value should 
be the same as that of the specified value in this standard. 



♦Rules for rounding off numerical values ( revised). 
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1. SCOPE 

1,1 This standard (Part V) lays down the recommendations for lining 
of vessels and equipment lined with stoved lining, polyamide-cured lining, 
epoxide coal-tar lining, high solids lining, epoxide resin based lining and 
amine cured lining; and also design, application, maintenance, inspection 
and testing together with recommendations for design of equipment to be 
lined. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions shall 
apply. 

2.1 Epoxide-Resin-Based Linings — Linings based on resins usually 
formed by the reaction of epichlorophydrin and diphenylol propane. They 
are usually applied as a formulation containing solvents or pigments or 
both, to which curing agents are added. 

2.2 Amine-Cured Linings — Polymine-cured epoxide resin linings and 
polymine adduct cured epoxide resin linings. 

3: MATERIALS 

3.1 General — Epoxide resin based linings are used for protecting equip- 
ment against chemical attack. They are used also for the prevention oi 
contamination of various products by minute quantities of compounds 
which may be formed in case of direct contact with metallic equipment. 

3.1.1 These linings can also be used to prevent the deposition of solids 
on the walls of the equipment involved and to facilitate cleaning. 

3.1.2 Unless the lining is known from previous experience to be suitable, 
test panels should be exposed to conditions similar to those of service for 
not less than three months or preferably longer. The panels should be 
examined carefully for any signs of failure before instructions foi 
application of the lining are given. 

3.2 Grades and Properties 

3,2.1 Amine-Cured and Stoved Linings — Amine-cured linings cure at room 
temperature under the action of a curing agent added before application 
and can be applied on site. This has the advantage that the vessels 
involved need not be sent to special lining firms. 

3.2.1.1 Epoxide resin stoved linings are applied as single pack coatings 
and usually consist of epoxide and phenolic resins which are cured b> 
stoving. They are generally more temperature resistant than amine-curec 
linings and their chemical resistance is generally better. These stovec 
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linings should be cured at the correct temperature as specified by the 
supplier; this will normally be in the range of 150 to 200°C. They are 
used preferably for equipment which can be transported and stored. Heat 
curing in situ is possible, but the vessel involved should be insulated very 
carefully to prevent loss of heat. 

3.2.1.2 The various properties of these coatings are dealt with below. 
It should be noted that where pigments are used, they should be resistant 
to any corrosive substance likely to be encountered. In all cases, it is 
assumed that a sufficiently thick and pin-hole free lining has been applied. 

a) Resistance to acids — These linings resist most acids except those of 
a strongly oxidizing nature. Nevertheless, possible imperfections 
in the lining caused by application difficulties or mechanical 
damage render them unsuitable if rapid attack of the base material 
would occur through direct contact with the acids. 

b) Resistance to alkalis — They have excellent resistance to alkaline 
solutions. 



1 



Resistance to chlorine and hypochlorites — They offer a limited resistance 
to dry chlorine. They are destroyed by wet chlorine as well as by 
solutions of hypochlorite. 

d) Resistance to salts — They are generally resistant to neutral salts. 

e) Resistance to organic solvents — They are resistant to a wide range of 
solvents; they should not be used in the presence of ketones, most 
chlorinated hydrocarbons or phenols. 

f) Effect of temperature — The effect of temperature on these linings 
varies with each particular formulation. Normally, arnine-cured 
linings may be used at temperatures up to 90°C under dry 
conditions or up to 70°C under wet conditions; for stoved linings, 
the corresponding temperatures are 120°C and 80°C respectively. 

g) Effect on heat transfer rates — The effect of these linings on heat 
transfer rates is negligible. 

h) Resistance to erosion —These linings, being touch and glossy, offer 
good resistance to erosion by suspended particles. 

j) Resistance to surface deposit formation — They have good resistance to 
the build-up of deposits. 

3.2.2 Potyamide-Cured Linings, Epoxide Coal-Tar Linings and High Solids 
Linings — Besides polyamine and polyamine adducts, polyamides may be 
used for curing epoxide resin based linings at room temperature. The 
resistance to chemicals obtained differs from that of amine-cured linings, 
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in that the water resistance is improved and the resistance to alkali and 
solvents is lowered. These materials are not generally used for lining 
vessels and equipment for chemical processes, being more suitable for 
exterior paint work under certain conditions. Where resistance to water 
is specially required, epoxide coal-tar linings are preferred. 

3.2.2.1 Epoxide coal-tar linings consist of a combination of epoxide 
resin and coal-tar pitch, solvents, inert fillers, or pigments or both and a 
suitable curing agent, such as polyamines, polyamine adduct and polya- 
mides. The use of this type of lining has two advantages: 

a) The layer thickness of 0*15 mm to 0*20 mm of this lining may be 
obtained in one coat which is far more than can be obtained in 
one coat when using amine cured or stoved linings. 

b) The resistance to water is better than that of amine-cured or even 
polyamide-cured linings. Like many organic materials the resis- 
tance to demineralized water is limited at high temperatures. 

3.2.2.2 Another type of epoxide resin based lining which may be 
applied in thick layers is the so called high solids lining. Tt contains only 
a very small quantity of the solvent; this simplifies the problem of exhaus- 
ting fumes. In extreme cases, a high solids lining consists only of resin, 
pigments and fillers to which a curing agent is added just before or during 
application. Layers of 0'25 mm may be obtained in one coat. The 
chemical resistance is comparable with that of amine-cured linings, but the 
resistance to water is better. 

4. DESIGN OF VESSELS AND EQUIPMENT 
4.1 General 

4.1.1 Interior Surfaces and Fittings — The surfaces which are to be covered 
with epoxide shall be easily accessible and free from pitting or other physi- 
cal imperfections. Interior fittings should be designed to allow safe and 
easy movement of the operator or, if this is not possible, a manhole should 
be provided in each section of the vessel being lined. 

4.1.2 Access to Vessel and Ventilation — The design of all vessels and equip- 
ment shall allow for adequate access and venting of fumes evolved during 
the preparation of the surface and the application of the coating. 

4.1.2.1 In completely enclosed vessels, there shall be at least one 
manhole conforming to 18:3133-1965* and one additional branch of not 
less than 75 mm bore. The method of ventilation shall be the subject of 
agreement at the tendering stage between the lining contractor and the 
customer and shall ensure that in no case can pockets of stagnant vapour 
or gas occur. 

♦Specification for manhole and inspection openings for chemical equipment. 
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4.1.3 Clearances — Allowance should always be made for the thickness of 
the lining or covering in calculating clearances. 

4.1.4 Branches and Outlets — All branches shall be flanged and the lining 
taken over the flange face to prevent the ingress of liquors behind the 
linings. 

4.1.5 Surface Contours — Sharp changes of, contour in the surface to be 
covered shall be avoided wherever possible and such changes shall be 
finished to suitable radius; in all cases this shall be such that the internal 
radius of the lining is not less than 4 mm or the thickness of the lining. 

4.1.6 Heating — Any steam coil or immersion heater used for heating the 
contents of the vessel shall be situated not less than 100 mm away from the 
epoxide-lined surface to avoid local overheating. When heating by steam 
injection, care shall be taken to avoid direct impingement of steam on the 
epoxide surface. 

4.2 Fabricated Mild Steel Vessels 

4.2.1 Fabrication and Testing — Mild steel vessels should be fabricated and 
tested in accordance with recognized standards of good design and practice. 
Only welded or seamless construction shall be used. Riveted constructions 
are not recommended. 

4.2.2 Vessels to be Provided with Stoved Linings — Special precautions are 
necessary for fabricated mild steel vessels which are provided with stoved 
linings, so as to prevent the occurrence of lining failures during stoving. 
For this reason the recommendations in 4.2.3 and 4.2.4 should be followed. 

4.2.3 Welded Joints — Welding shall be in accordance with the require- 
ments of either IS : 823-1964*, IS : 132341.966 1 or IS 12825-1^59+. Lap 
joints should be avoided as far as possible. Butt welds in both butt joints 
and T-joints, shall be made with more than one run of the electrode or 
blowpipe. The weld shall be ground smooth and flush on the side to be 
covered. Welds shall be made from the side to be covered wherever 
possible. Where it is not possible to weld from the side to be covered, 
the root should be chipped out and a sealing run used as shown in Fig. L 

4.2*3.1 Wherever possible, corner joints {see Fig. 2A) shall be replaced 
by butt welded flanged plates ( see Fig. 2B ) . ■ 

4.2.4 Surface Contours — External angles and the edges at the junction of 
plates shall be removed by the most convenient means and the surface 
ground smooth to the required radius (see Fig. 3). Where corner and 
T-joints are unavoidable, they shall be filled at welded and ground smooth 
and concave to the required radius. 



•Code of procedure for manual metal arc welding of mild steel, 

fCode of practice for oxy-acetylene welding for structural work in mild steel (revised). 

JCode for unfired pressure vessels. 
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4.2.5 Branches and Outlets — All branches and outlets shall be designed a 
flanged pipes to allow the epoxide lining to cover the flange face. Typica 
flanged joints are illustrated in Fig. 4. Where small bore branches an 
necessary they shall be adequately stiffened with gussets. 

4.2.5.1 Pads should be avoided wherever possible, but are sometime: 
necessary in place of small bore branches to prevent damage during 
handling and erection. Fixing holes in pads shall not penetrate the shel 
of the vessel (see Fig. 5). 
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Ftg. 3 Rounding of External Angles 



4.2.6 Sectional Tanks — Mating flanges of sectional tanks should be 
square and plumb, and sections should be made to avoid distortion when 
bolted together. Normally, soft gaskets should be interposed between lined 
flanges. 

4.3 Cast Iron Vessels — Cast iron presents difficulty in lining due to 
porosity, mould marks, and the effect of grain size in the casting. These 
factors increase the possibility of air inclusion. 

4.3.1 Castings shall be of close grained iron and shall be substantially 
free from cavities and porosity. If any of these defects ap^eat after casting 
they shall be left untreated. The remedying of any defects after short- 
blasting should be agreed between the supplier and the contractor. All 
surfaces shall be free from fins, sharp projections, etc. 

4.3.2 In order to reduce the possibility of surface blow-holes forming, it is 
preferable that the face to be covered is the lower one when the casting is 
made. 

4.3.3 When very large, heavy or complex castings are to be lined, it is 
essential that the advice of the epoxide lining contractor be sought at an 
early stage. 

4.4 Other Metal Vessels — The general construction details and princi- 
ples already given for mild steel vessels (see 4,2) also apply to vessels 
constructed of stainless steel, copper, aluminium and their alloys. In view 
of the softer nature of some of these metals it is recommended that the 
design should provide for maximum rigidity. 

4.4.1 Full details of the metal should be given to the lining contractor 
for confirmation that lining can be satisfactorily bonded. 
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4.5 Concrete Vessels 

4.5.1 The concrete vessels to be lined should be so shaped that the lining 
can be taken over the edges and down the outside for not less than 75 mm. 
When vessels are line l as cast', the lining contractor should be left to fill in 
the corner with suitable epoxide strip. . Screed finishes should be rounded 
to a radius of about 6 mm on all corners and edges. 

4.5.2 The concrete surfaces should be reasonably smooth and free from 
surface imperfections and dust. This can be achieved by any one of the 

following methods : 

a) By casting the concrete against specially smooth ibrmwork and 
taking precautions to ensure that it is fully compacted and that no 
leakage of mortar takes place between the joints in the formwork. 
Any porosity in the surface should be made good with an approved 
filler such as epoxide mastics. The use of parting agents on 
shuttering should be avoided; but if they are unavoidable they 
should be approved by the lining contractor, 

b) By casting the concrete against normal formwork and rendering 
the surface. 

4.5.3 The concrete should be properly cured bv being allowed to dry 
out slowly. The time of drying will depend upon the actual conditions, 
but should be not less than 28 days for structural concrete or 7 days for a 
portland cement rendering. 

4.5.4 In order to obtain satisfactory adhesion between the concrete and 
the lining, the concrete should be made of aggregate complying with 
IS: 383-1963* and IS: 515-1959t- 



*Speeification for coarse and fine aggregates from natural sources for concrete ( revised ). 
(Since revised ). 

■(•Specification for natural and manufactured aggregates for use in mass concrete. (Since 
withdrawn and superseded by IS : 383 )• 
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4.5.5 Unless the moisture content of the concrete is sufficiently low, the 
adhesion of the epoxide lining will not be good enough. The moisture 
content to be achieved before lining should, therefore, be the subject of 
agreement between the purchaser and the lining contractor, 

4.5.5.1 The moisture content may be measured by the use either of 
meters which measure the electrical resistance between two points on the 
surface or of hygrometers which are arranged to measure the humidity of 
a sample of air in close contact with the concrete. 

4.5.5.2 All vessels situated partly or wholly below ground level should 
be protected against external moisture permeation by applying a suitable 
protective memb ranee to the external surface. 

5. DESIGN OF LININGS 

5.1 The selection of the epoxide resin lining should be based on informa- 
tion supplied by the user. Full details of the duties should, therefore, be 
submitted to the contractor and shall include information given in 
Appendix A. 

5.1.1 Nature of Materials to be Handled — Full analysis of the materials to 
be handled shall be given, including constituents present in trace 
quantities. 

5.1.2 Temperature — The following temperatures of the materials to be 
handled shall be given:. 

a) Normal operating temperature, 

b) Maximum and minimum temperatures, and 

c) Cycle of temperature variation. 

5.1.3 Degree of Vacuum or Pressure — The following information regarding 
pressure shall be given: 

a) Normal operating pressure, 

b) Maximum and minimum pressures, and 

c) Cycle of pressure variation. 

5.1.4 Cycle of Operations — Whether batch or continuous process. 

5.1*5 Abrasion and Erosion — Details of the quantity, particle size and 
physical characteristics of the suspended matter, together with rates of 
flow shall be stated. 

5.1.6 Mechanical Damage 

5.1.6.1 Construction hazards — The contractor shall be informed of any 
anticipated difficulties involved in the handling and final siting of the 
equipment. 

12 
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5.1.6.2 Operational hazards — The contractor shall be informed of any 
vibration of the equipment, and the possibility of any mechanical 
damage. 

5.2 Quality of Lining — When the lining is to be applied by a contractor 
the lining materials to be used should be agreed between him and the 
purchaser. The contractor should be prepared to state that it will satisfy 
the chemical and physical conditions specified. The contractor should be 
prepared to supply samples of the lining material or panels to which this 
has been applied for testing and future reference in case of dispute. He 
should not change the composition in any way, except by agreement with 
the purchaser. 

5.3 Thickness of Lining — For corrosive conditions the dry film thickness 
should be: 

a) not less than 0*15 mm for amine-cured coatings, 

b) between 0*15 and 0*30 mm for stoved coatings, and 

c) not less than 0*40 mm for epoxide coal-tar coatings. 

There will, however, be applications, such as the protection of the 
contents of a vessel from contamination by dissolved metal or the preven- 
tion of deposition of solids on the surface, when the thickness of lining 
required may be less. The use of coatings on non-ferrous metal vessels 
generally comes into this category though, of course, each duty depends on 
the special circumstances involved. 

6. METHODS OF LINING 

6.1 General — The application of an epoxide resin based lining on various 
construction materials is given in 6.2, 6.3, 6,4 and 6*5. Epoxide coal-tar 
linings are mainly used on steel or concrete surfaces. 

6.2 Steel Vessels 

6.2.1 Surf ace Preparation — The application of a coating over rust, scale 
dirt or grease invariably leads to bad results, and the importance of 
thorough surface preparation of the steel cannot be over-emphasized. 

The surface shall be carefully grit-blasted after degreazing. The 
abrasive used should be sufficiently fine, generally not coarser than 
500 Micron, to prevent the formation of a rough surface. Traces of blast 
products and abrasive should be removed particularly from pockets and 
corners. The cleaned metal should have a uniform £ white ' metal finish. 
It should be covered with the first coat of the fining as soon as possible, 
and in any case not more than four hours, after cleaning and before any 
visible rusting occurs. 

13 
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To avoid condensation of moisture, the surface to which a lining is 
to ,be applied should have a temperature at least 5°G above the dewpoint 
of the surrounding air before each coat is applied. 

6.2.2 Application of Amine-Cured and Poly amide-Cured Lining — Amine- 
cured linings are supplied in two components, namely, the lining material 
and the curing agent. These two should be thoroughly mixed before 
use. When mixed, the lining should be applied within the time specified 
by the manufacturer (usually 24 hours). 

6.2.2.1 It is recommended that the coats be applied by brush, 
especially the first, as brushing facilities bringing the lining material into 
close contact with the surface. To achieve satisfactory protection, at 
least four coats of a total dry thickness of at least (H5 mm should be 
applied. Such applications consist usually of two primer coats and two 
finishing coats, although in some cases, three or more finishing coats may 
be desirable. 

6.2.2.2 The recommendations of the manufacturer should be carefully 
observed as to the time interval between subsequent coats. These 
time intervals will depend on the composition of the coating system and 
the prevailing temperature. To ensure overall coverage, the primers as 
well as the finishing coats should be applied in different shades. Brush 
marks should be avoided particularly when applying the first coat. 

6.2.2.3 At a temperature of 15°C to 20°G, the lining will attain its full 
chemical resistance one week after application of the last coat. However, if 
the temperature falls below 15°C, after preliminary air drying, heat should 
be applied either by infra-red radiation or by hot air to each coat for one 
hour for curing. The surface temperature of the lining should n6t be 
raised above 60°G. When the last coat has been applied a curing time 
of three to six hours will generally be required at that temperature to 
ensure complete curing. 

6.2.3 Application of Stoved Linings — Stoved linings should be sprayed on 
in a number of coats, -each being allowed to air-dry. Five or more coats 
are recommended with intermediate stoving to assist the removal of sol- 
vent. Intermediate stoving is done for a shorter time and at a tem- 
perature lower than the final stoving temperature, as otherwise the 
adhesion of the following coat would be insufficient. After applying the 
last coat, the equipment should be given the final stoving treatment in 
order to obtain a complete cure. The recommendation of the manufac- 
turer shall be carefully observed as to the time interval between subse- 
quent coats and the pot life. 

6.2.4 Application of ' Epoxide-Coal-Tar Linings — Epoxide-coal-tar linings are 
supplied in two components which are to be mixed before use. They are 
applied by brushing or spraying at least two coats to a total dry thickness 
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of not less than 0*40 mm. Some suppliers recommended the use of a pri- 
mer before application T)f these two coats. It is helpful to have shade 
differences between alternate coats. 

6.2.4.1 Application techniques and curing are the same as for amine- 
rured linings, but the pot life is shorter. 

6.3 Cast Iron Vessels — A clean surface of good quality cast iron may 
be lined with an amine-cured lining, but it is difficult to obtain the best 
results. The lining of large areas requires special care in order to ensure 
an even thickness and to avoid the formation of pin-holes or thin spots. 
As the surface is comparatively rough, the application of one or two coats 
more than on steel surfaces under comparable conditions is recommended. 
Because of the natural porosity of cast iron, stoved linings should not be 
used unless special techniques are used, such as vacuum impregnation. 

6.4 Other Metal Vessels — For stainless steel, copper, aluminium and 
their alloys the surface should be roughened by suitable means, such as 
blasting to improve adhesion of the lining. 

6.4.1 Grit blasting should never be carried out with iron or steel contain- 
ing abrasives since this may result in staining or corrosion of the metal 
surface under the lining due to iron or steel particles becoming embedded 
in the non-ferrous metal surface. It is recommended that separate blasting 
grits be kept for different metals to prevent contamination. 

6.5 Concrete Vessels — Because of their resistance to alkalis, amine- 
cured linings may be applied directly to concrete. Instead of a primer 
a cost of diluted finishing coat is first applied. The diluent to be used 
should be agreed to between the user and the supplier. The total lining 
generally consists of not less than four finishing coats of different shades 
to ensure overall coverage, these are applied by brush. 

6.5.1 Epoxide-coal-tar-lining may be applied directly to concrete, no seal- 
ing coats being required. Two coats are generally applied by brush. 

7. ACCEPTANCE TESTS 

7.1 Completeness of Cure — The hardening of a stoved or amine-cured 
lining can be checked by determining the resistance of the film to methyl 
uobutyl ketone. When methyl isobutyl ketone is not available acetone 
may be used as a substitute. 

7.1.1 This test may be carried out be laying a rag soaked in the solvent 
on the lining for three minutes, after which it should show no signs of 
softening. This may be checked by scratching with a finger nail. Any 
apparent softening indicates that the lining is not fully cured and further 
curing is required. 
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7.2 Tests for Continuity of Lining 

7.2.1 Visual Inspection — The inspection for visual defects should be 
carried out over the entire surface in a good light. The entire surface 
shall be free of cracks, traces of bubbles, lack of adhesion, hollow spaces, 
etc. Presence of hollow spaces may also be checked by tapping with a 
wooden mallet. 

7.2.2 High-Frequency Spark Test — A high- voltage, high-frequency spark 
discharge should be directed at the lining. Where a defect occurs in the 
lining the discharge is earthed producing a strong bluish-white conti- 
nuous spark. The surface of the lining should be clean and dry when the 
test is carried out. Excessive voltage or long residence time or both may 
puncture the lining, and care should, therefore, be taken to select the 
correct voltage and to ensure that the probe does not remain in one posi- 
tion for too long. 

7.2.2.1 The voltage shall be 5 to 6 kV/mm thickness of the lining 
unless the lining contains considerable amount— of carbon black filler in 
which case the voltage shall be 1*5' kV/mm. 

7.2.2.2 If it is necessary to carry out any machining of hard epoxide 
resin linings, machining or descaling or both of the vessel, the electric 
spark test should again be applied to the lining to ensure that it has not 
been damaged in any way. 

7.3 Thickness of Lining — When called for by the user, the thickness of 
the covering should be checked in the areas specified. Where direct mea- 
surement is not possible, it should be carried out using a suitable thickness- 
meter. 

7.4 Electrical Test 

7.4.1 High-Voltage Test — The high-frequency spark tester, which is 
usually used for testing the thick linings dealt with in other parts of this 
code, should not be used for the thin linings dealt with in this part. The 
voltage required to produce a clearly visible spark is difficult to control 
and thin linings are likely to be punctured as a result of such testing. 

7.4.1.1 A high- voltage direct current test should, therefore, be used. 
The probe is moved systematically over the surface to be tested, which 
should be clean and dry. Any pin-hole or crack will permit current to 
flow, and this is visible as an electric spark. There is no danger of pun- 
cturing the lining when the correct voltage required is adhered to, provid- 
ed the probe is not kept at the same place for a long time. The voltage 
required depends on the thickness of the lining to be tested and should 
be determined by trial on coated test plates. 
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7.4.1.2 The lining thickness on the test plate should be a minimum 
and the break-down voltage be determined on this plate. The voltage 
should then be reduced to a value of 75 percent of the break-down voltage. 
If at this comparative low voltage the spark at a pin-hole is difficult to see, 
the instrument should be fitted with a neon indicator. 

7.4.1.3 High-voltage test sets should have a high internal resistance 
or other means of limiting the current to a safe value. 

7.4.2 Resistance or Wet Test — In this test one terminal of a 12-volt dc 
supply is connected to the outer shell of the lined vessel and the other is 
joined, through a milliamnteter, to a cotton-wool swab or sponge saturat- 
ed w r ith a dilute (2 percent) aqueous solution of ammonium hydroxide. 
The swab is moved slowly over the whole -surface of the lining so that 
any defect is indicated by a reading on the milliammeter. 

7.4.2.1 Any vessel showing a large number of points of failure should 
be rejected. Where failure occurs over only a small area, local patching 
may be allowed. In very slightly corrosive conditions, a few scattered 
imperfections may be tolerated, but for more stringent duties the electrical 
test should reveal no breakdown. 

8. ROUTINE INSPECTION AND REPAIRS 

8.1 Routine Inspection — To ensure the satisfactory operation of lined 
plant and equipment, it is necessary to carry out periodic inspections to 
make sure that the lining is sound. The frequency of these inspections 
will depend on the nature of the material being handled. During these 
inspections damage to the lining should be avoided by suitably covering 
footwear and ladders. Visual inspection, thickness tests and electrical 
tests should be carried out in accordance with 7,2.2 to 7.4 and 7.4.1. 

8.2 Repairs — Damaged amine-cured epoxide resin or epoxide-coal-tar 
linings may be successfully repaired, but skilled labour is required in 
order to obtain good adhesion to the existing lining. To reline the 
damaged areas they should be cleaned and roughened, preferably by 
blasting prior to lining. 

8.2.1 Damaged stoved linings are usually repaired with amine-cured 
lining material in the same way, although this does not have the chemical 
resistance of stoved linings. 

8.2.2 The lining applied may be dried by means of infra-red heaters. 
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APPENDIX A 

( Clauses 0.4 and 5.1 ) 

EXCHANGE OF INFORMATION 

A-I. Early consultation and exchange of information should be arranged 
between all parties concerned with the design, use, manufacture and 
erection of vessels and equipment to be lined, and the lining contractor. 
Adequate and accurate scale drawings should be available to all parties 
concerned. 

Consultations may be desirable on: 

a) site conditions which may affect this particular work and the 
availability of services for site vulcanization; 

b) safety measures to be taken during lining on site; 

c) construction of equipment to be lined, location of welds joints and 
supports and the finish of the surface to be lined; 

d) nature and concentration of media for which vessel or equipment 
is required; 

e) operating temperatures and pressures; 

f) other factors influencing material stress, for example, expansion, 
vibration or impact of contents on lining; 

gl presence of abrasives in contents, and potential local erosion by 
fluids; 

h) internal or external installation and means of access, lifting 
facilities, etc; 

j) where necessary, the nature of the surface finish required of the 
lining; 

k) service life: and 

m) method of heating and cooling. 
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